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GREEN AIRFIELD SUMMARY L

e Airfield Pollutions

* Airfield, Full of Solar Energy
* PV & CSP Solution
* Solar at Airfields

e Solar Solution HELIO STRIP

* Frangible PV on airport strip
 Example, Standards, Solutions

e Solar Solution HELIO APRON

* PV and CSP over aircraft on apron
* Power & Aircon solutions

* CONCLUSIONS

I')s,
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Nitric Oxide
Carbon Monoxide
Particulate Matter

ASTHMA' Kt

Cardlovascular{Cﬂ
Disease The k.

i GO-GR==

SO Empowering

airports to
address their

carbon emissions

ALERT
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AIRFIELD POLLUTIONS

JYV What could be done in airports?
‘00,
0,09 .
2 ms)  Carbon footprint to be reduced
Ec"arlPI;)cEIrﬁt y — Compensate carbon production = Zero Carbon objective
accreditation . . .
e ms)  Overcompensate carbon production = Carbon + objective
Infos from Green Airport day Paris Aeroports (ADP) example > Carbon Accredited Level 3
on November 23rd, 2017

Energy = 4% of ADP Group CO2 footprint

* 67% from Heating Ventilation and Air Conditioning

23 novembre o * 30% for all electrical power needs

e 2017 N - . . .
W-A,-——:‘_“‘ GROUND & APRON APUs carbon pollution at 4% is equivalent
to all Energy footprint !

Journée d'étude GREEN | AIRPORT

Ground transportation

- Electricity
4 Energy _
ey
GSE \,_ff""m{i r \\\\\ ///// \
Y 2s¢ |£ GROUPE ADP
@ ,i-"‘ i JL 0 Airlines Transport 5 ———
: B - i

GROUND & APRON
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PV Solution

Solar to Electricity

Efficiency: 1,000W/m? = 150+ Wpeak output

Simulated energy production of one kilowatt of solar PV capacity in

- Steam condenser

_Thermal |
Storage Tanks

CSP Solution

Efficiency: 1,000W/m? = 250 Wpeak output

1,000 300
average energy production in a day annual energy production L 275
watts (alternating current) kilowatthours (alternating current) 900+
700 tracking E 800 2%
dual-axis L 2,078 E3 225 —
600 < 7004 i
2 =z + 200
no tracking, o =
500 tilted south 1,566 = 600+ L1755
400 no tracking, g 500 150 §,
filted west 1.403 .l L 125
300 6 tracki 100 g
~.na fracking, a | F
200 tilted east 1.332 j s o
no tracking E . I 50
100 e : 1.402 00, pe
IIIIIIIIIIIII o T T T T T T T T T T T T T 1 o
4 B g8 10 12 2 4 B 8 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

a.m. noon p-m

Low cost but no storage
GO-GR== IES-ALC, New Orleans — Oct 2018

Hour

High cost but storage
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Nlce Alrport France

Kimberl Airport, South Africa
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HELIO STRIP

Differentiation & Colour DGAC Pa rt n e rs h i p

Glaring (DGAC = the French Civil Aviation Department)

Experiment on
the visual discomfort
related to the installation of
solar panels

Tests report

Version : V2 du 16/09/2010

Rédacteur : Pierre THERY

Référence : RAPISTACIACE/VOLTA/10-431

Dr Bronislaw KAPITANIAK

SOH L ERAD:
_, A

A

Measurement of luminance (cd/m2)
from solar panels on the ground

Risk assessment methodology

RISK ASSESSMENT MATRIX

Severity

Likelihood

Mediny

Low

Luminance < 20,000 cd/m? (white wall glare ...)

Ergonomist
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Electromagnetic

Compatibility EMC

Open-circuit

A PV module is a

current generator working
like airfield lighting systems
with constant current generators

e Asingle module in short-circuit has about 8,5 A current
* Asingle module in open circuit is close to 50 VDC

e 20 serial modules will operate with 1,000 VDC in open-circuit under the sun

* 20 modules will all work in serie with the current level of the weaker module (as batteries)
—> High electrical risks in the event of accident or fire !!
— No way to stop power generation when sun shines

A
§ 3%4‘3}":9 %
Pl — ;
= ;"l’uz - < 2 >
[ Z ; 5
=l

K

=

Centralised PV

With big string

DC/AC inverters
Typical 1 MW shelter

GO-GR==N

7

De-centralised PV

With small string
DC/AC inverters
Typical 10 kVA

IES-ALC, New Orleans — Oct 2018

[ ] —2 [ [ e |
& ! A
b

Fully de-centralised PV
With DC/AC micro-inverters
On each module
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HELIO STRIP

probe Cemman mode
MaasRreed

Electromagnetic

o ere ESDEPS sxperimenis| arvd riechan
Compatibility EMC PV plant N
Open-circuit T e f e d g et

L ’\&G LR L ’.!

—{ Roceiver
TracksGen

.,

AT '0'4’00‘0’4'00‘0'4"" to’o' oo*’
& ’0 ‘H PR :;0’0 X XS
RS0 o‘v k"td¢¢‘0¢¢¢‘0¢#t‘ti¢t‘$

RF ":;"h.'“ RF currents and voltages
ey PR R PHRAARKAAAR R s
Q . J 0.0"‘. ‘QQ ‘."
3’00 AN ‘4’”’ XXX M:gt e
L " BRI

n'ddlt wire ml!na

Photovoltaic test setup for antenna and field strength measurement

LOC Aerial

150Hz

90Hz

e e e Glideslope i .. S heral
Leoutz {aa - 3
[M] [ 1] NN : y

Qutar Markar Middie Marker Inner Matkar

962-1350 MHz 108418 MH2
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LG N EON®2 ACe Enphase@Enga Cable —— ;_,

Dimensions (mm/in) EMC
iom o st i) Open circuit

9T6 /224

CONTa e B Oz g i & meodsnting ok}

B0 w307 03 w00
D hiastas (1 Ea)

175 /65
@a.3102
Gt heados (Hia)
B 12/ 03005
P caonitineg hodiss {Beal
L ENPHASE
Enphase 1Q Envoy
L
-
CAPACITY
Mumber of microinverters polled Up 1o 600
12/05
.E .37 DC Electrical Properties (STC¥)
:IE, f l':" ) Module 330w
¢ 3|t &lF &5
IR AC Electrical Properties
HERI L
20711 3 3 a Peak Ou tput Power (VA) 290
i 2 2 Max. Continuous Output Power (VA) 280
Frame Cross-section A X
I Nominal Voltage / Range (V) 240/211 - 264
Nominal Output Current (A) 1.17
Nominal Frequency / Range (Hz) 60.0/59.3-60.5
Power Factor / Adjustable 1/0.7 leading...0.7 lagging
CEC Weighted Efficiency (%) 97.0
1 Max. Branch Circuit Over Current Protection 20
- 1 Number of Max. AC Modules (EA) 13
z| &
{ ot
E :
AL Enphase based in CALIFORNIA, USA
‘ GO'GR : N IES-ALC, New Orleans — Oct 2018 10/31
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HELIO STRIP

Aircraft

Attachment .
SCHISH running out runway

Frangibility

J e =t
{ S ——— |
* Ratio of this type of accident b el f 1 i
- 0n 2010: 21% of accidents °§ meqi ]} i B el )
* Low probability :
0.4 case / million of operations

* Run out in the axis
Landing & takeoff

* Lateral Run out

- Mainly during landing

- Low traveled distance }\
80% lower than 80m from runway l ]

At 105 meters from the runway axis

Prob=exp{(-.02568)"Y*"(.803946))
" o / If Runway Edge = 30 meters => 75m or 246 ft
Eﬂ.&
g | 10% x 0.4 case / million
8 = 40 cases / billion of operations
5 04
z
%,
. L Example: Airport with 150,000 operations/year
T L — 1risk every 167 years
- —> But can statistically happen the first year !
i GO-GR==N IES-ALC, New Orleans — Oct 2018 11/31




CHAPTER 3. PHYSICAL CHARACTERISTICS

3.4 Runway strips
Widrh of runway sirips
343 A stop including a precision approach runway shall, wherever practicable. extend laterally to a distance of at least: A““ ex 1 4
— 150 m where the code number is 3 or 4: and tu thE Cﬂnventinn on
— 75 m where the code number is 1 or 2; International Civil Aviation

on each side of the centre line of the runway and its extended centre line throughout the length of the strip.

347 No fixed object, other than visual aids required for air navigation purposes and satisfying the relevant frangibility
requirement in Chapter 5. shall be permitted on a munway strip:

a)  within 77.5 oo of the munway centre line of a precision approach minway category L IT or III where the code number 15

4eandthe-sed: letter 1s F; or

b) within 60 m of the runway centre line of a precision appreach runway category L. IT or ITI where the code number 15 3
or 4; or

¢) within 45 m of the runway centre line of a precision approach runway category I where the code number 15 1 or 2.

No mobile object shall be permitted on this part of the runway strip during the use of the runway for landing or take-off.

ATTACHMENT A. GUIDANCE MATERIAL
SUPPLEMENTARY TO ANNEX 14, VOLUMEI

8.3 Grading of a strip for precision appreach munways

Chapter 3. 3.4.8. recommends that the portion of a stnip of an nstrument runway within at least 75 m from the centre line should
be graded where the code number is 3 or 4. For a precision approach ruaway, it may be desirable to adopt a greater width where
the code number 15 3 or 4. Figure A-4 shows the shape and dimensions of a wider stnip that may be considered for such a
runway. This strip has been designedl using information on aircraft running off runways. The portion to be graded extends to a
distance of 105 m from the centre ine-enecpithatthe-distaneetsgradualiyredueed-e-75-m from the centre line at both ends of
the strip. for @ iength of 150 m from the runway end.

%309m4ﬂ |<73m] m—

50 | . 1 Code3or4 Runwéy.
150 m—" 2 }_\4—*15017!'—5 ;[' 1 E 1 1
l 1 1

S B B e e I e T S S S e e 72|5m
g 725m - 1som

i

- Or 45m

Figure A-4. Graded portion of a strip including a precision approach runway 12/3 1
‘where the code number is 3 or 4

»




HELIO STRIP

FAA requirement fro the Object Free Aera (O.F.A)

United States Department of Transportation

307. OBJECT FREE AREA. The runway object free
arca (OFA) 1s centered on the runway centerline. The
runway OFA clearing standard requires clearing the OFA
of above ground objects protruding above the runway
safety area edge elevation. Except where precluded by
other clearing standards, 1t 1s acceptable to place objects
that need to be located in the OFA for air navigation or
aircraft ground maneuvering purposes and to taxi and hold
aircraft in the OFA. Objects non-essential for air
navigation or aircraft ground maneuvering purposes are not
to be placed in the OFA. This includes parked airplanes
and agncultural operations. Tables 3-1, 3-2, and 3-3
specify the standard dimensions of the runway OFA.
Extension of the OFA beyond the standard length to the
maximum extent feasible is encouraged. See figure 2-3.

Object Free Aera

DIM AIRPLANE DESIGN GROUP

ITEM 1

1 [ o [ m | v [ v

A

Runway Length
Runway Width

Runway Object Free Area Width

- Refer to paragraph 301 -

lmﬂllmﬂ|IMﬂ|lmﬂ|
2/

800 ft | 800 |
240 m | 240 m |

B

Q || soor | sooft |
| 240m | 240m |

~

150 fit |

800 ft |
240 m |

200 fi

800 ft |
240 m |

100 ft
30 m

e AT e e B

500 ft !
150 m'
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HELIO STRIP >
reen Airport

Voluntary Airport Low DAKLAND

Emissions (VALE) Program '"TEH":;IF:E,S‘; I .x 0 AK

ICAO AERONAUTICAL ONLY-
ICAO GRADED AREA
ICAO.STRIP 150m = 500ft

GO-GR:: IES-ALC, New Orleans — Oct 2018




HELIO STRIP

FIRE & RESCUE

Fireman way > 10ft
Fire intervention =

1 way + 3UP # 600ft
Turning radius > 35ft

~ ~

Minimum > 5ft



Q@é\ & 1 block = 132 PV panels
'\/09 1 panel = 290 VA peak Ty A
- Total: 38 kVA A
$S=404m? - 4,350 sqft ‘ p
- 94 VA/m? or )

%(Q 8.7 VA/sqft

Cos(angle) = Adj/Hyp
If Hyp = 1 => Cos(30°) = 0.866

Exposure 10° |Exposure 15°|Exposure 20° |Exposure 25° |Exposure 30°

(a p p Frox. 3ft) cosinus 0.985 0.966 0.94 0.906 0.866

Exposure 10° [Exposure 15°|Exposure 20° |Exposure 25° |Exposure 30°

LG solar panel Length 1686 mm

Ground plan Width 976 mm 961 943 917 884 845
e Panels number in the width 11

Space between panels m 0,9 0,95 1 1,1 1,15

Total (meters) 19.575 19.871 20.092 20.727 20.797




HELIO STRIP

FRANGIBILITY , Photovoltaic
_'-’ : Panel \\

Aluminium '
Plate —

angle

Aluminium Tube

Frangible line welded

Screw & bolt

Optional
Flange (grass)

Standard
Galvanized
Ground

JIG

elwl el el el el ol el el el <l &)
) wdl i wdl v wl iw/d widl v wdl vl il v

Screw
GO'GREE B l IES-ALC, New Orleans — Oct 2018 17/31

h\




HELIO STRIP

Machines, tools &

lawn mower robot

See http://www.schraubfundamente.de/en/eindrehmaschinen/

IES-ALC, New Orleans — Oct 2018 18/31




HELIO STRIP RISKS ANALYSIS (0 5 RoiO:
with SOLERO solutions

@ Foreign object on runway 61 |l &2 | a3 | ca | a3 oo
- olar glass
@ Network under voltage Standard with anti-glare treatment
® Pull out by the wind PS solar glass
@ Aircraft fire
P4 \'S
(O Evacuation of passengers
B \ \
= o g=90% 0292%
Standard PV solar plant = ~N
. & Limited .
SOLERO airport solar plant f:ﬁ::t'f;n reflection
P1 =

Micro-inverter +
frangible cabling

3. SOLERO solutions

List of constraints (Regis HELLOT — SETEC consulting)

3.3. SOLERO Mechanical solution

3.1. Glare management
3.1.1. 3D Simulator (SETEC or SOLAIS) + an US Software « FORGE »

- from Solar Glare Hazard Analysis Tool (SGHAT
3.1.2. Glass treatment, advantages, disadvantages, solar panel conformity with
luminance levels (Bernard Baeyens - ABC)
3.2. Electrical safety (= Solar micro-invertor Enphase)
3.2.1. Individual panel safety
3.2.2. Frangible connectors
3.2.3. Transport and energy conversion
3.3. Mechanical safety

3.3.1. 3D simulation for the PV panel support (Millard Tower) —

3.3.2. SOLERO Solution for the complete plant (Bernard Baeyens — ABC)
3.4. Others constraints

3.4.1. During the installation process (Bernard Baeyens — ABC)

3.4.2. For maintenance actions (Bernard Baeyens — ABC)

3D Simulation for the mechanical frangibility (Millard Tower)
- Conception constraints:
- Operation: wind (150 miles/h), Temperature (-15 to 120°F),
Ice (0.5 inch thickness)
- Frangibility: broken with anaircraft impact (3 tons, 30 miles/h)
- Cost: looking after a easy solution




HELIO STRIP

I“ Louis Armstrong New orieans  84Ha runway strip land requiring frangibility -> 750.000 m? for use
International Airport Ratio 50% at 175Wp/m => 66 MW peak PhotoVoltaic solar plant

ZZENREL

b

55 53 51 4% 47 45 [
Louksiana Resource Ra

- PV Franglble Structures 66 MWp at 1,515 kWh/kWp => 100 GWh eIectrncnty per year
Inclination 20° 100 million kWh « green » electricity produced per year
GO"G R§= IES-ALC, New Orleans — Oct 2018 20/31




GREEN AIRFIELD SUMMARY L

‘/  Airfield Pollutions

/  Airfield, Full of Solar Energy
* PV & CSP Solution
* Solar at Airfields

J * Solar Solution HELIO STRIP

* Frangible PV on airport strip
 Example, Standards, Solutions

Al . Solar Solution HELIO APRON

* PV and CSP over aircraft on apron
* Power & Aircon solutions

* CONCLUSIONS

| .
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Mobile Semi-mobile Fixed Fixed

Electrical power Electrical power Electrical power
Under PBB On the floor or centralized

With generator _
diesel

S~

“I‘ i

NEW at 2017 R —S=r ok
- ' APU stop? = HELIO APRON

i 0 A Go Green airport solution

IES-ALC, New Orleans — Oct 2018 22/31




Thermodynamic cycle

Solar CSP -

C SEF

refrigerated space

evaporator

L‘ D)
f |

heat-transier brine

or/and Biogas

NOTE:

cooling water

D ammaonia gas

ammonia-water
solution

I:I ammania liquid

Siresteire R %{9’(’!‘050{‘

Dateret weurdher W S1787587 -- SNovendher 77, {930

Bk EiveidB

Reo 2 lard —

Absorption Chiller
e g

Out
Chilled Water

1 kg refrigerant gas
<~ 12,000 tons of CO2

HotWater Out

i GO-GR==N IES-ALC, New Orleans — Oct 2018
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~

Absorption machine

i i
E Solution 1
: . Condensor rich in NH3 Evaporator !
i ot water ‘ i
! . A— Cool water |

| outgoing . ; 84 kW
| outgoing |
i REGULATOR !
. ‘ :
: \j—ﬂ :
i ---------------- Steam :
Steam B [ e richin NH3 |
L. I Liquid /Steam 7 i
rich in NH3 I EXCHANGER !
i RECTFELR (*9% |} !
i & |
i Solutions Hot water :
: -4 " EXCHANGER . i
| outgoing .
' Hot water :

[}
140 kW ' incoming N |
1 ECHANGEUR 1
: . _ . _™"DE SOLUTIOP}S :
: Disabsorber !
I 1
| 1
Solution Solution
Poor in NH3 rich in NH3
GO-GR== IES-ALC, New Orleans — Oct 2018 24/31




HELIO APRON

m Aircraft Shading = Heat reduction

AR QUALITY = o
N el

ALERT

.
‘ GO-GR N IES-ALC, New Orleans — Oct 2018 25/31




CONCEPT

400Hz

HELIO APRON

Thermal SOLAR Modules (concentration)

PhotoVoltaic SOLAR panels

—

- A

PCA

GPU

CSP - Concentrated Solar Power
+ Ammonia Absortion Reversible Chiller

COOLING POWER: 84 kWcool

Efficiency: 0.7 cooling / 1.4 heating
Safe Ammonia tank for energy storage
according to European Standards (< 150 kg)

GO-GR==N

=

SAFE:
STRONG structure resistance &
LOW exposure to wind

ANTIGLARE - ELECTROMAGNETIC
COMPATIBILITY on airfield

IES-ALC, New Orleans — Oct 2018

Solar PV - Photovoltaic panels
+ micro-inverters technology

ELECTRICAL POWER: 100 kWp

Battery storage: 100 kWh (lower if network)
Static convector 400 HZ: 30 kVA
Network connection: Backup or Production

26/31




OPTIONS « Solar powered »

1. Docking system 2. Mobile ramp

0245 1IN =
10142 1 E

“l’

3. Aircraft pushback 4. Luggage lifting trolley
as=n Sl & driver cart

i GO..G R:: IES-ALC, New Orleans — Oct 2018 27/31



HELIO APRON

Economical analysis - Airports fees (C code aircraft)

5%’
2
2l

T—

EY

Nice cote d’azur airport
Marseille Provence airport
Toulouse Blagnac airport
Paris airports

Zurich airport
Geneva airport

Munich airport
Frankfurt airport

AENA — Spanish airport

Athens airport
Turkish airports
Brussels airport
Miami airport

GO-GR==N

$9.31 per arrival (€7.93 — 400Hz)

$26.04 per arrival (€22.19 — 400Hz)
$25.74 per arrival (€21.93 — 400Hz)
$19.25 per arrival (€16.40 — 400Hz)

S45.56 per arrival (FS45 — 400Hz + PCA)
$50.62 per arrival (FS50 — 400Hz + PCA)

$76.28 per arrival (€65 — 400Hz + PCA)
$43.83 per arrival (€37.35 — 400Hz + PCA)

S$43.42 per arrival (€37 — 400Hz)

$41.25 per arrival (€35.16 — 400Hz)
$112.67 per arrival (€96 — 400Hz + PCA)
$28.17 per arrival (€24 — 400Hz)

$18.34 per arrival (only PCA)

- AVERAGE: $40 per arrival (400Hz + PCA)

IES-ALC, New Orleans — Oct 2018 28/31



HELIO APRON

Economical Investment cost from $750,000 to S1M per aircraft position
+ Yearly maintenance cost of 5 - 7% of the investissement cost.

analysis

Revenues=

R.O.l. S40 per arrival * 12 arrivals/day * 300 days/year = $144,000/year
+ Excess of power production (if network)

+ Hot water production (if terminal connection)

o0 |1 2 3 4 5 6 7 8 9 10 11 12 TR

30 ans
cosT Cumulative values in $1,000
X $1,000 9%
1 remote Position without network 947  -851 -754 657 -561 -464 -372 -280 -188 -96 179 10%
2 remote Positions without network 905  -806 -708 -609 -510 -411 -317 -223 -129 248 1%
5 remote Positions without network 857 756 -655 -554 -453 -352 -255 -158 230 326 00
1 remote Position with network conn 839 737 -635 -533 431 -329 -231 -133 258 356 1%
2 remote Positions with networkcon 799 695 591 -487 -383 279 -179 [79 21| 121 221 321 421 12%
5 remote Positions with networkcon 755 648 542 436 -330 223 -121 [-18 84| 187 289 392 494 14%
1 Position linked with terminal 829 -727 624 -522 -419 -317 -218 - - 77 175 273 372 12%
2 Positions linked with terminal 790 686 -581 -477 -372 -268 -167 134 235 336 436 13%
5 Positions linked with terminal 746 639 -532 -426 -319 -212 -109 200 303 406 509 14%

Return On Investment:

Operation:

i GO-GR==N IES-ALC, New Orleans — Oct 2018 29/31



CONCLUSIONS

GO-GR==

SOLAR SOLUTIONS ARE EXISTING:

TO SERVE AND PROTECT AIRPORT OPERATIONS

TO DELIVER MORE ENERGY TO CITIES AND COUNTRY FROM SAFE AREAS
TO SAVE CARBON PRODUCTION AND PARTICIPATE IN CLIMATE CHANGE
TO IMPROVE AIR QUALITY

TO REDUCE NOISE IMPACT ON GROUND

resilience

fam|||95hosbile 5

=z z-resilient

strendth Eamilies
communlcablon approach

Accept pabberns contributes
oo POSIGive

Gended

Ih ml ., ..;
hhm ngrmmqau -y nm— -

'?jf_'; Emelcl.,;‘u"ﬁr.‘a?aa;_

ik o S 25
grazle
gl danke 0 lalhh maih agal = gl

cnacnbo
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What are we looking for?

GO-GR==N
An AIRPORT !

Its favorite CONSULTANT !!
A famous US CONTRACTOR !l

And of course the support from the FAA’s EXPERT ....

with the VALE program.

Gil DAVER at abroad.business.consulting@gmail.com

Mobile: +33 689 704 348

=

IES-ALC, New Orleans — Oct 2018
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